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ABSTRACT: This study was carried out to optimize cholesterol removal in whole egg using crosslinked P-cyclodextrin (|3-CD) and to 
recycle the P-CD. Various factors for optimizing conditions were concentration of the P-CD, mixing temperature, mixing time, mixing 
speed and centrifugal speed. In the result of this study, the optimum conditions of cholesterol removal were 25% crosslinked P-CD, 
40°C mixing temperature, 30 min mixing time, 1,200 rpm mixing speed and 2,810xg centrifugal speed. The recycling was repeated five 
times. The cholesterol removal was 92.76% when treated with the optimum conditions. After determining the optimum conditions, the 
recyclable yields of the crosslinked P-CD ranged from 86.66% to 87.60% in the recycling and the percentage of cholesterol removal was 
over 80% until third recycling. However, the cholesterol removal efficiency was decreased when the number of repeated recycling was 
increased. Based on the result of this study, it was concluded that the crosslinked P-CD was efficient for cholesterol removal in whole 
egg, and recycling is possible for only limited repeating times due to the interaction of the P-CD and egg protein. (Key Words: 
Cholesterol Removal, Crosslinked P-Cyclodextrin, Whole Egg) 



INTRODUCTION 

Cholesterol is necessary for maintaining life and is used 
in all cells of the body, it is an essential component of cell 
membranes and is a precursor of steroid hormone; it helps 
to absorb and digest fat and plays an important role in the 
formation of vitamin D. However, higher cholesterol 
concentrations have long been associated with a higher risk 
of cardiovascular diseases (CVD). If there is too much 
serum cholesterol, it tends to accumulate on the walls of the 
blood vessels, forming plaque and narrowing the blood 
vessels, which in some cases could promote heart attack, 
stroke and blood clotting (Rahkovsky and Gregory, 2013). 
Therefore, consumers are increasingly concerned about 
excessive intakes of cholesterol and it was recommended 
that the total cholesterol intake should be less than 300 
mg/day (Brown, 1990). Egg intake increases LDL- and 
HDL cholesterol in body, but this change is relatively small. 
One egg per day in a diet was not related to heart disease 
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(McNamara, 2013). Most healthy people were not at risk of 
CVD or increased mortality when they eat eggs. However, 
diabetic patients were at an increased risk of CVD because 
of a small change in circulating cholesterol after egg intake 
(Shin etal., 2013). 

From ancient times, eggs have been an important source 
of high quality protein, other beneficial nutrients, and also a 
primary source of dietary cholesterol. Eggs from all species 
of poultry consists of 52%-58% egg white, 32%-35% egg 
yolk and 9%-14% shell, and contain about 200-250 mg 
cholesterol (Griffin, 1992; Mine, 2008). Catering to the 
consumers' demands, food companies attempt to reduce 
cholesterol in a wide variety of food, and they have 
investigated different approaches to reduce cholesterol in 
eggs, such as hypocholesterolemic agent administration 
(Hargis, 1988; Griffin, 1992) extraction with solvents 
(Melnick, 1971; Merchant et al., 1991) or oils (Frioriti et al., 
1978) and supercritical fluid extraction (Haberstroh and 
Morris, 1991). The removal of cholesterol by absorption 
with P-CD is an alternative approach (Smith et al., 1995) 
used to produce cholesterol-reduced egg products (80% 
cholesterol free), based on a patent of reported by Cully and 
Vollbrecht (1990), that was marketed briefly in the US. 
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According to previous study (Kim et al., 2004), it was 
reported that the crosslinked P-CD made with adipic acid 
exhibited higher cholesterol removal than |3-CD in milk, it 
was also reported that the P-CD removed over 90% of 
cholesterol from egg yolk diluted with water (1:1) and that 
the P-CD could be recovered and recycled for further use 
(Jung et al., 2005). Therefore, this method could be applied 
in industrial food processing. But the separation of egg 
components in the food industry is a complex process 
which sometimes involves undesirable property changes. 
Therefore, the objective of this study was to optimize 
cholesterol removal from whole egg by crosslinked P-CD. 

MATERIALS AND METHODS 

Materials 

Eggs were purchased from a retail store with the 
average size of 62.67±0.25 g and powdered crosslinked 
P-CD was obtained from MSC Co. (Yangsan, Korea). 
Hexane (purity 95%), potassium hydroxide (purity 95%) 
and ethanol (purity 95%) were obtained from Samchun 
Chemical Co. Ltd. (Pyongtack, Korea). Cholesterol (purity 
99%) was purchased from Sigma Chemical Co. (St Louis, 
MO, USA). 

Proximate composition 

The compositions of whole egg were analyzed for water, 
crude protein, total carbohydrate, total lipid and ash 
according to the method of Association of Official 
Analytical Chemists (AOAC, 2000). 

Cholesterol removal from whole egg 

After removing the egg shell, whole eggs were mixed 
and sieved. Whole egg (100 g) was placed in 300 mL 
beaker and crosslinked P-CD was added to give final 
concentrations of 10%, 15%, 20%, 25%, and 30% (w/v). 
The mixture was stirred at various speeds (400, 600, 800, 
and 1,200 rpm) with a blender (Tops; Misung Co., Seoul, 
Korea). This process was performed in a temperature 
controlled water bath at different mixing temperatures 
(30°C, 35 °C, 40°C, 45 °C, and 50°C) for different times (20, 
30, 40, 50, and 60 min). The mixture was centrifuged 
(HMR-220IV; hanil Industrial Co., Seoul, Korea) at 
different speeds (2,210, 2,810, 3,440, 4,140, and 4,900xg) 
for 10 min. All treatments were repeated 3 times. 

Extraction and quantification of cholesterol from whole 
egg 

The extraction of cholesterol was achieved using the 
modified method of Adams et al. (1986). Crosslinking of 
P-CD was made according to the method of Han et al. 
(2007). One gram of the crosslinked P-CD-treated whole 



egg was placed in screw-capped glass tube (15x180 mm). 
The sample was saponified at 60°C for 30 min with 5 mL of 
2 M ethanolic potassium hydroxide solution. After cooling 
to room temperature, cholesterol was extracted with 5 mL 
of hexane. The process was repeated four times. The hexane 
layer was transferred to a roimd bottomed flask and dried 
under vacuum. The extract was re-dissolved in 1 mL of 
hexane. 

Total cholesterol was measured on a siUca fused 
capillary column (HP-1, 25 mxO.32 mm I.D.xO.17 |am 
thickness) using a Donam gas chromatography (Seoul, 
Korea) equipped with a flame ionization detector. The 
injector and detector temperatures were 270°C and 300°C, 
respectively. The oven temperature was programmed to 
increase from 200°C to 300°C at 10°C/min and then was 
maintained for 20 min. Nitrogen was used as carrier gas at a 
flow rate of 2 mL/min with a split ratio of 1:50. The 
injected sample volume was 2 \\L. Quantification of 
cholesterol was done by comparing the peak area with the 
standard curve. The percentage of cholesterol reduction was 
calculated as follows: 

Cholesterol reduction (%) 

= 100-[the amount of cholesterol in the crossUnked 
P-CD-treated whole eggxlOO/the amount of 
cholesterol in the untreated whole egg 
(control)] 

Yield of recyclable crosslinked P-CD 

The cholesterol-entrapped crosslinked P-CD was mixed 
with ethanol in a conical flask (500 mL) at 100 rpm stirring 
speed using a hot plate magnetic stirrer (Misung Scientific 
Co., Ltd, Seoul, Korea) for 1 h at boiling point, and the ratio 
of compound to solvent was 1:4. The sample was then 
cooled to room temperature and centrifuged at 6,300xg for 
5 min. The precipitated crosslinked P-CD was dried at 60°C 
in dry oven for 6 h and reused for this recycling study. The 
recyclable yields of crosslinked P-CD were calculated as 
follows: 

Yield (%) 

= (Recovered amount of crosslinked P-CD after recycle 
/Initial amount of P-CD)xlOO 

Statistical analysis 

Data from each experiment were analyzed using SAS 
version 9.0 (SAS Institute Inc., 2002). An ANOVA was 
performed by the general linear models procedure to 
determine between the samples. Means were compared by 
using Dimcan's method. A significance level was set at 
p<0.05. 
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RESULTS 

Proximate composition of whole egg 

The proximate composition of whole egg was water 
74.81±0.06 mL, crude protein 13.5210.32 g, total 
carbohydrate 0.67±0.12 g, total lipid 8.92±0.12 g, ash 
0.79±0.26 g per 100 gram and cholesterol 448±0.25 mg per 
100 g. 

Effect of crosslinked P-CD concentrations 

The various concentrations of the crosslinked P-CD 
(10%, 15%, 20%, 25%, and 30%; W/V) were applied into 
whole egg to optimize cholesterol removal as shown in 
Table 1. The concentrations of the P-CD removed 
cholesterol from 80.08% to 91.88% when mixed at 40°C for 
30 min with 800 rpm. There was no significant difference 
between 25% and 30%, and cholesterol removals were 
91.88% and 90.21% (p>0.05), respectively. Therefore, the 
result indicated that 25% crosslinked P-CD may be a 
suitable amount to remove cholesterol effectively in whole 
egg- 
Effect of mixing temperature 

The effect of cholesterol removal from whole egg by the 
crosslinked P-CD with the various mixing temperatures 
(30°C, 35°C, 40°C, 45°C, and 50°C) is shown in Table 2. 
The different mixing temperatures had an effect on 
cholesterol removals from 87.85% to 90.96% when treated 
with 25% crosslinked P-CD at 800 rpm mixing speed for 30 
min with 2,810xg centrifugal speed. Differences of 
cholesterol removal were not significant among 40°C, 45°C, 
and 50°C (p>0.05), and the cholesterol removals were in the 
range of 89.54% to 90.96%. Therefore, this study concluded 
that 40°C is the optimal temperature for cholesterol removal 
from whole egg. 

Effect of mixing time 

The effect of various mixing times (20, 30, 40, 50, and 

Table 1. Effect of various crosslinked P-cyclodextrin 
concentrations on cholesterol removal from whole egg' 



Table 2. Effect of various mixing temperatures on cholesterol 
removal from whole egg using crosslinked p-cyclodextrin' 



Concentration of 

crosslinked P-CD (%) 



Cholesterol removal (%) 



Mixing temperature (°C) 



Cholesterol removal (%) 



30 
35 
40 
45 
50 



87.85±5.86' 
88.6014.75" 
90.96+3.43=' 

89.88±4.59'"' 
89.5416.92"'" 



Conditions for cholesterol removal; crosslinked P-CD; 25%, mixing 
time; 30 min, mixing speed; 800 rpm, centrifugal speed; 2,810xg. All 
samples were repeated 3 times. 

Values with different superscripts within the same column differ 
significantly (p<0.05). 

60 min) used to optimize cholesterol removal by the 
crosslinked P-CD are shown in Table 3. In this study, a 
significantly greater (p<0.05) cholesterol removal of 
93.44% was observed at the 30 min mixing time. However, 
other mixing times also achieved over 90% cholesterol 
removal from 25% crosslinked P-CD at 40°C with 800 rpm 
mixing speed and 2,810xg centrifugal speed. Therefore, the 
result concluded that the optimum mixing time is 30 min. 

Effect of mixing speed 

The effect of mixing speeds (400, 600, 800, 1,000, and 
1,200 rpm) on cholesterol removal efficiency is shown in 

Table 3. Effect of various mixing times on cholesterol removal 
from whole egg using crosslinked p-cyclodextrin' 



Mixing time (min) 



Cholesterol removal (%) 



20 


90.74±3.90'' 


30 


93.4412.26" 


40 


90.7610.38" 


50 


90.4610.92" 


60 


90.02±0.57" 



Conditions for cholesterol removal; crossUnked P-CD; 25%, mixing 
temperature; 40°C, mixing speed; 800 rpm, centrifugal speed; 2,810xg. 
All samples were repeated 3 times. 

Values with different superscripts within the same column differ 
significantly (p<0.05). 



Table 4. Effect of various mixing speeds on cholesterol removal 

from whole egg using crosslinked P-cyclodcxtrin' 



Mixing speed (rpm) 



Cholesterol removal (%) 



10 


80.010.3'' 


400 


92.410.3" 


15 


87.212.5'= 


600 


93.311.5" 


20 


88.512.1"' 


800 


93.410.5" 


25 


91.910.6" 


1,000 


90.010.4" 


30 


90.210.2"" 


1,200 


89.010.4" 



Conditions for cholesterol removal; mixing temperature; 40°C, mixing 
time; 30 min, mixing speed; 800 rpm, centrifugal speed; 2,810xg. All 
samples were repeated 3 times. 
Values with different superscripts within the same column differ 

significantly (p<0.05). 



' Conditions for cholesterol removal; crosslinked P-CD; 25%, mixing 
temperature; 40°C, mixing time; 30 min, centrifugal speed; 2,810xg AH 
samples were repeated 3 times. 

Values with different superscripts within the same column differ 
significantly (p<0.05). 
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Table 4. The cholesterol removal ranged from 88.95% to 
93.43% when treated with 25% cross linked P-CD at 40°C 
for 30 min with 2,810xg centrifugal speed. There was no 
significant difference between 600 and 800 rpm, and 
cholesterol removal was 93.33% and 93.43%, respectively 
(p<0.05). Over 800 rpm, the cholesterol removal decreased 
gradually to 88.95% at 1,200 rpm. Therefore, the result 
indicated that 800rpm could be optimal mixing speed. 

Effect of centrifugal speed 

The various centrifugal speeds (2,210, 2,810, 3,440, 
4,140% and 4,900xg) were selected to optimize cholesterol 
removal as shown in Table 5. The cholesterol removal 
increased up to 92.76% when centrifugal speed increased to 
2,810xg. However, the cholesterol removal decreased 
significantly at 3,440xg (p<0.05). Cholesterol removal 
decreased to 86% when the centrifugal speed was higher 
than 3,440xg. Therefore, this result showed that 2,810xg 
might be the most effective centrifugal speed. 

Recyclable yield of crosslinked P-CD 

The crosshnked P-CD for recychng was apphed to 
whole egg five times repeatedly and the yield of the 
crosslinked P-CD is shown in Figure 1 . The recyclable yield 
of the crosslinked P-CD was found to be between 87.66% 
and 86.6% from one and three time uses with no significant 
difference (p>0.05). However, a slight increase was shown 
in fourth and fifth time uses as 92.03% and 96.74%, 
respectively. The yields of the crosshnked P-CD in fourth 
and fifth recycles were even more than the yield following 
its initial use (93.69%) to remove cholesterol from whole 
eggs. 

Cholesterol removal efficiency of recyclable yield of 
crosslinked P-CD 

After the optimization of cholesterol removal from 
whole egg, the cholesterol removal efficiency of the 
crosslinked P-CD in whole egg was examined at 5 repeated 
times and is presented in Figure 2. Higher cholesterol 

Table 5. Effect of various centrifugal speeds on cholesterol 

removal from whole egg using crosslinked P-cyclodextrin' 



Centrifugal speed (xg) 



Cholesterol removal (%) 



2,210 
2,810 
3,440 
4,140 
4,900 



92.5±1.2^ 
92.8+1.1^ 
87.014.2" 
87.0±0.5" 
86.5±10." 



Conditions for ciiolesterol removal; crossMoked P-CD; 25%, mixing 
temperature; 40°C, mixing time; 30 min, mixing speed; 800 rpm. All 
samples were repeated 3 times. 

Values with different superscripts within the same colunm differ 
significantly (p<0.05). 



120 
100 

80 

2 60 
40 
20 



ab 



Initial 



1 2 3 4 5 

Number of repeated recycling 



Figure 1. The efficiency of recycled crosslinked |3-cyclodextrin on 
cholesterol removal from whole egg. Conditions for cholesterol 
removal; crosslinked P-CD; 25%, mixing temperature; 40°C, 
mixing time; 30 min, mixing speed; 800 rpm, centrifugal speed; 
2,810xg. AH samples were repeated 3 times. ^'^ Values with 
different superscripts within the same column differ significantly 
(p<0.05). 

removal was found in the range of 86.87% to 83.75% when 
the crosslinked P-CD was used for three times, but 
cholesterol removal significantly decreased to 70.94% by 
the fifth recycle (p<0.05). 

DISCUSSION 

Several studies have investigated the optimum condition 
for removing cholesterol from different food products 
including milk (Kim et al., 2004), cream (Han et al., 2007), 

100 



80 



60 



B 40 



20 



Initial 1 2 3 4 5 

Number of repeated recycling 

Figure 2. Cholesterol removal using crosslinked P-cyclodextrin 
with repeated recycling in whole egg. Conditions for cholesterol 
removal; crosslinked P-CD; 25%, mixing temperature; 40°C, 
mixing time; 30 min, mixing speed; 800 rpm, centrifugal speed; 
2,810xg. All samples were repeated 3 times. Values with 
different superscripts within the same column differ significantly 
(p<0.05). 
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cod liver oil (Chang et al., 2010), lard (Kim et al., 2007) 
and also egg yolk (Jung et al., 2005). In the present study, 
the optimum conditions of five different factors 
(crosslinked P-CD concentration, mixing temperature, 
mixing time, mixing speed and centrifugal speed) were 
examined in cholesterol removal from whole eggs using 
crosslinked (3-CD. It was found that 25% crosslinked (3-CD 
was a sufficient amount to remove cholesterol effectively 
from whole egg. The percentage of cholesterol removal 
decreased when 30% crosslinked P-CD was used, because 
an excess of P-CD could compete with each other to bind to 
cholesterol molecules (Micich, 1990). It was also reported 
that cholesterol- P-CD complex in egg yolk became unstable 
above 40°C, when 80% of cholesterol dissociated from 
P-CD (Kwak et al., 2001). According to the results, it can 
be concluded that the cholesterol removal showed a 
decUning trend when mixing temperature was set higher 
than the optimum temperature (40°C). In addition, the 
decrease in cholesterol removal after 30 min of mixing time 
could be related to instability of an inclusive cholesterol-P- 
CD compound over a longer mixing time (Chang et al., 
2010). A study (Jung et al., 2005) showed that the removal 
was in the range of 75.9% to 91.6% when egg yolk was 
mixed with 20% crossUnked P-CD at 40°C for 30 min and 
that a centrifugal speed at 2,210 to 5,470xg had no 
significant effect on removal rate, therefore, they stated that 
mixing and centrifugal speeds may not play an important 
role on cholesterol removal rate from egg yolk. This result 
agrees with the present study showing over 85% cholesterol 
removal from whole egg with different mixing and 
centrifugal speeds, so it can be assumed that the mixing 
speed and centrifugal speed may not be the important 
factors in this process. Thereby, the optimum condition for 
cholesterol removal could vary with different food products. 

In whole eggs, egg white consists of a solution of about 
10% protein, containing more than 40 different kinds of 
proteins. Egg yolk consists of nearly 17% protein (Mine, 
2007). A review has described studies of the binding of 
cyclodextrin to protein, and almost all studies have 
identified amino acid residues as the main structural 
element interacting with cyclodextrin. So, it can be assumed 
that the crosslinked P-CD, which is only a product of a 
crosslinking reaction between C-2 position of P-CD and one 
of the carboxyl groups of the crossUnking agent (Kwak et 
al., 2011), could combine with cholesterol from egg yolk as 
well as bind to amino acid residues from egg protein. If it is 
so, it can explain why the cholesterol removal efficiency of 
the crosslinked P-CD for recycling is low in present study. 
By contrast, a similar study stated that over 80% cholesterol 
removal rate from egg yolk diluted with water was obtained 
when crosslinked P-CD was reused up to 8 times used with 
no significant difference(p<0.05) between each removal 



(Jung et al., 2005). In the present study, as the number of 
repetitive uses of the crossUnked P-CD was increased, the 
P-CD bound to more egg protein from whole egg; as a 
result, cholesterol removal ability of crosslinked P-CD was 
reduced. Therefore, the cholesterol removal efficiency of 
crosslinked P-CD decreased significantly at the last two 
recycles, and the recyclable yield of the crosslinked P-CD 
also increased accordingly when the P-CD was used many 
times. 

In conclusion, this study indicated that the optimum 
conditions of cholesterol removal were 25% crosslinked 
P-CD, 40°C mixing temperature, 30 min mixing time, 1,200 
rpm mixing speed and 2,810xg centrifugal speed. Moreover, 
the crosslinked P-CD could not be applied into whole egg in 
the cholesterol removal process with an effective recycling. 
Further study about the binding of the crosslinked P-CD to 
components in egg will be necessary in future. 
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